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Specification 

7. Title of the Invention 

Shape memory spring 

2. Scope of the Patent Claims 

(1) A shape memory spring in which a thin sheet that comprises a shape 
memory spring is made into a honeycomb shape. 

(2) A shape memory spring in which a thin sheet that comprises a shape 
memory spring is made into a wavy sheet shape, and a multiplicity of the 
aforementioned wavy sheets are laminated while joining the hills and valleys of 
the wavy sheets. 

3. Detailed Explanation of the Invention 
(Industrial Field of Use) 

This invention pertains to a shape memory spring that is be utilized as an 
actuator of machinery such as heat engines and toys. 

(Prior Art) 

As actuators that use resiliency force that occurs when the shape of a shape 
memory material (metal and plastic and the like) is changed, there are coil spring 
shapes and plate spring shapes. 

(Problems the Invention is to Resolve) 

However, these shapes are responsive to temperature, and it is difficult to 
make them generate a large quantity of force as resiliency force. For example, 
one must consider whether to make the wire diameter of the spring thicker, or, in 
the case of a plate spring, to make the plate thickness thicker, and in these cases, 
there is the problem that the characteristics of the shape memory spring are lost 
in response to temperature changes. 
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(Means for Resolving the Problems) 

This invention, with the goal of resolving the problems above, provides a 
shape memory spring in which a thin sheet that constitutes a shape memory 
spring is made into a honeycomb shape. 

Also, with the same goal, it provides a shape memory spring in which a thin 
sheet that comprises a shape memory spring is made into a wavy sheet shape, 
and a multiplicity of the aforementioned wavy sheets are laminated while joining 
the hills and valleys of the wavy sheets. 

(Operation) 

Because a material that has bi-directional shape memory characteristics is 
used as the shape memory material, the shape at high temperature and at low 
temperature expands and contracts as shown in figures 2 (a) and (b), and it can 
be used as an actuator by the recovery force when the shape changes due to the 
application of temperature changes. 

Also, because the shape memory material uses a thin-sheet shape memory 
alloy, its responsiveness to temperature is excellent, and it operates sufficiently 
even in a heating medium of air (gas). 

(Implementation Examples) 

Appropriate implementation examples of this invention are explained in 
detail below with reference to the diagrams. 

Figure 1 is a front-view diagram (a) and an oblique diagram of the main 
elements (b) of a honeycomb-shaped shape memory spring in accordance with 
this invention. In the honeycomb-shaped shape memory spring 1, the thin sheets 
2 made of shape memory alloy whose sheet thickness is less than 1 mm are the 
main elements of the shape shown in figure 1 (b). A multiplicity of these 
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elements are laminated and joined, and as a whole they make up the 
honeycomb-shaped shape memory spring 1 shown in figure 1 (a). 

Figure 2 is a diagram for explaining the expansion and contraction when the 
temperature of the aforementioned shape memory spring changes. When a 
transition temperature is reached, the shape memory spring 1 displaces an 
expansion/ contraction quantity S in the direction of expansion and contraction 
(the vertical direction in the diagram), and it goes from L to 1/ in the horizontal 
direction (where L < L'). 

Therefore, as is also clear from figure 2, it can be used suitably as an actuator 
because a large expansion/contraction is obtained in the vertical direction. 

Figure 3 shows an example where this spring is applied to the rotating 
advance and retreat of a heat engine. As the shape memory spring 1, a bi- 
directional shape memory spring that has remembered it shape is used, such that 
it contracts on the high-temperature side (water tank) 3, and expands on the low- 
temperature side (air) 5. 

As for the theory of its operation, a rotating wheel 7 centered around an axis 
of rotation 6 and a small disc 8 in which a shaft is provided such that it can be 
eccentrically rotated, are linked by the shape memory spring 1. When the shape 
memory spring that contracts on the high-temperature side 3 is moved to the 
low-temperature side 5, the shape memory spring provides expansion force, and 
provides rotational force to the rotating wheel 7. Also, conversely, when it is 
moved from the low-temperature side 5 to the high-temperature side 3, the 
shape memory spring 1 produces contraction force, and provides rotational force 
to the rotating wheel 7 similar to the above. 

In this example of use, in the shape memory spring of this invention, there is 
also expansion/contraction in the horizontal direction following 
expansion/contraction of the shape memory spring (L < L' of figure 2). For this 
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reason, the joint with the object to which the spring force is to be transmitted is 
optimally a slide structure as shown in figure 4, for example. That is, this is 
achieved by a structure in which shoe bars 9 are connected to the two ends of the 
shape memory spring 1 in the direction of expansion/ contraction, and shoe 
plates 10 are affixed to the object side to which the spring force is to be 
transmitted, and the protruding ends 9a of the aforementioned shoe bars slide 
along the grooves 10a of the aforementioned shoe plates 10. 

A honeycomb-shaped shape memory spring was explained above, but as 
another implementation example that has the same operation and effect, the 
laminate of wavy sheets shown in figure 5 can also be used. In this case, each of 
the wavy sheets 11 has valleys 11a and hills lib, but in the case where a 
multiplicity of the aforementioned wavy sheets made of a shape memory alloy 
are joined (laminated), the wavy sheets can be laminated such that the hills and 
valleys are joined. 

Furthermore, for the joint with the side to which the spring force is to be 
transmitted, it is the same as the case of the aforementioned honeycomb shape (a 
slide structure via shoe bars and shoe plates). 

(Effect of the Invention) 

In this way, a spring with high resiliency force and excellent temperature 
responsiveness can be obtained by utilizing the shape memory spring that has a 
honeycomb shape or wavy sheet laminated cross-section as the shape memory 
spring by this invention. 

4. Brief Explanation of the Diagrams 

Figure 1 is a front-view diagram (a) and oblique diagram (b) of a honeycomb- 
shaped shape memory spring pertaining to an implementation example of this 
invention. Figure 2 is a diagram for explaining the operating state of the same 
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honeycomb-shaped shape memory spring. Figure 3 is a diagram for explaining 
an example of application of the shape memory spring to a heat engine. Figure 4 
is a diagram that explains the joint structure between the shape memory spring 
and the attached object, where (a) is an oblique diagram showing the main 
elements, (b) is a cross-sectional diagram, and (c) is a cross-sectional diagram 
along line A- A of (b). Figure 5 is an oblique diagram that explains the shape 
memory spring having a wavy sheet laminated structure that pertains to another 
implementation example. 
1 ... Shape memory spring 

2 . . . Shape memory alloy thin sheet 

3 . . . High-temperature side (water tank) 

5 ... Low-temperature side (air) 

6 . . . Axis of rotation 
7 ... Rotating wheel 

8 ... Small disc 

9 ... Shoe bar 

10 ... Shoe plate 

11 ... Wavy sheet 

Key to figures 

Figure 2 [at bottom]: Temperature change 
Figure 3 [at top]: Rotation 
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